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Abstract: Sulfosalt Sn3 Sb2 S6 material was synthesised by the horizontal Bridgman method. X-rays diffraction analysis of the powder
showed that only homogenous Sn3 Sb2 S6 phase is present in the ingot. Sn3 Sb2 S6 thin films were deposited by a single source vacuum
thermal evaporation with different thicknesses on glass substrates. The optical and structural properties of the films were studied as
a function of thicknesses and temperature substrates. It is interest to note that Sn3 Sb2 S6 films exhibit polycrystalline structures along
(416) preferred plane without heating the substrates. In addition, we note that as the thickness increases from 150 nm to 430 nm the
average grain size increases from 190 to 350 Å. The samples have direct bandgap energies of 1.5 - 1.75 eV. Furthermore, we found that
the absorption coefficient in all cases reached 104 cm−1 . So, Sulfosalt Sn3 Sb2 S6 thin films could be used as a potential candidate in
may technological applications such as photovoltaic solar cells
Keywords: Sulfosalt, Sn3 Sb2 S6 , Thin films, Structural properties, Optical properties.

1 Introduction
The optical, structural and electrical properties of the
sulfosalt materials have attracted great attention due to
their interesting technological applications[1].The
objective of Scientifics is to obtain new materials which
have in particular excellent optical and electrical
properties. Therefore many researchers are working on
different materials for achieving optimal properties [2, 3].
So a great effort to prepare thin films from novel
semiconductor materials that contain only abundant and
relatively less-toxic materials such as the sulfosalt system
Sn-Sb-S is highly recommended. Pure and doped Sn-Sb-S
sulfosalts thin films are careful as important for the use in
many applications such solar energy conversion, electrical
and optical thermo switching properties and other
photoconductive applications [4, 5, 6, 7, 8]. In our
laboratory we have already studied SnSb2 S4 and Sn2 Sb2 S5
thin films materials which showed interest physical
properties such electrical and optical thermo switching [9,
10, 11, 12]. For that reason, this work deals with the study
of another material of Snx Sby Sz sulfosalt family that is the
effect of thicknesses on the structural and optical
∗ Corresponding

properties of the new absorber material Sn3 Sb2 S6 in thin
films forms.

2 Experimental Work
2.1 Synthesis of Sn3 Sb2 S6
Stoichiometric amounts of the elements of 99.999 %
purity Sn, Sb, and S were used to prepare the initial ingot
of Sn3 Sb2 S6 . The mixture was sealed in vacuum in a
quartz tube. We use the horizontal Bridgman method [13]
to synthesize the material. In order to avoid explosions
due to sulfur vapor pressure (2 atm to 493 ◦ C and 10 atm
to 640 ◦ C), the quartz tube was heated slowly (20 ◦ C/h)
until 600 ◦ C. A complete homogenization could be
obtained by keeping the melt at 600 ◦ C for about 48 h.
The tube was then cooled at the rate 10 ◦ C/h, so that
cracking, due to thermal expansion of the melt on
solidification, was avoided, after what we allow the tube
to cool to room temperature. The compound obtained by
this method has a gray color and ingot form (Figure 1). A
crushed powder of this ingot was used as raw material for
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the thermal evaporation. X-ray analysis of the powdered
material (Figure 2) showed that only a homogenous
Sn3 Sb2 S6 phase was present in the ingot.

2.2 Film preparation
Sn3 Sb2 S6 films for various thicknesses were deposited on
glass substrates by single source thermal vacuum
evaporation method. In the case of heated substrates the
substrate temperature was taken 200 ◦ C. The pressure
during the evaporation was maintained at 10−5 Torr. A
Chromel-Alumel thermocouple monitored the substrate
temperature.
Fig. 2: X-ray diffractogram of the Sn3 Sb2 S6 powder.

2.3 Characterization of the films
3 Results and Discussions
Structural properties were determined by X-ray
diffraction (XRD) using CuKα radiation (λ =1.54056 Å).
Optical transmittance and reflectance were measured at
normal incidence with a UV-visible-NIR Shimadzu
3100S spectrophotometer in the wavelength range
300-1800 nm. The film thicknesses were calculated from
the positions of the interference maxima and minima in
the reflectance spectra using a standard method [14]. The
film thicknesses were found to be in the range 150-430
nm.

3.1 Structural properties
X-ray diffractograms corresponding to the Sn3 Sb2 S6 thin films
elaborated at different thicknesses are showed in figure 3.A.
A strong principal diffraction line (416) is appeared in spite
of the low thickness of film accompanied by minor secondary
diffraction line (106) which is attributed to the Sn3 Sb2 S6 phase. It
is also interesting to note that no secondary phases appeared. The
crystallinity of the layer is better when the thickness increases.
Figure 3.B shows the XRD patterns of the Sn3 Sb2 S6 thin films
with thickness 430 nm deposited onto substrates heated at T =
200 ◦ C. As a surprising, the Sn3 Sb2 S6 films were crystallized
may be for the films deposited at unheated substrates. This is
an important property since this material in thin film forms
crystalizes at lower temperatures (30 ◦ C) and the substrate heat
treatments only enhance the crystallinity of the films.

3.2 Optical properties
3.2.1 Optical transmittance and reflectance spectra

Fig. 1: Sn3 Sb2 S6 ingot
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We describe in this section the effect of thickness and substrate
temperature on the optical properties of Sn3 Sb2 S6 thin films. The
properties were studied by measuring at normal incidence both
the transmittance (T) and reflectance (R) spectra in the range 3001800 nm. Figures 4 show T and R spectras for many thicknesses
and figures 5 show the effect of substrate heat treatment at 200 ◦ C
on the T and R spectras. All the spectras reveal very pronounced
interference effects in the transparency region 900-1800 nm with
sharp fall of transmittance at the band edge.
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Fig. 3: X-ray diffraction patterns of Sn3 Sb2 S6 thin films
developed at different thicknesses (A) and at various substrate
temperatures (B).

The appearance of interferences indicates a good
homogeneity of the deposited films. It can be seen from
figures 4 that the transmittance is affected by the
thickness since the interferences increase by increasing
the film thicknesses. On the other hand the reflectance
decreases from 40 % to 20 % by increasing the film
thickness from 150 nm to 430 nm respectively. The
decrease of the transmittance and the reflectance values
by increasing the thickness films is correlated to the
change in structural properties. It is clear from figures 5
that the absorption edge moves to the strong wavelength
when the substrate temperature increases from the room
temperature to 200 ◦ C.
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Fig. 4: Transmittance (A) and reflectance (B) spectra of
Sn3 Sb2 S6 thin films at various thicknesses

3.2.2 Absorption coefficients
The optical absorption coefficient α was evaluated from
the transmittance (T) and reflectance (R) data by using the
following formula [15]:

α=

(1 − R)2
1
× ln(
)
d
T

(1)

Where α is the absorption coefficient and d is the film
thickness. It is clear from figure 6 that α increases in the
visible spectral range by increasing both the thickness and
the substrate temperature. It can be seen also that the
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Sn3 Sb2 S6 films have relatively absorption coefficients,
higher than 105 cm−1 in the visible and the near-IR
spectral region. This result is very important because it is
known that the spectral dependence of the absorption
coefficient is an important factor which affects the solar
conversion efficiency.

Fig. 6: Absorption coefficients of Sn3 Sb2 S6 thin films at different
thicknesses (A) and substrate temperatures (B).

Fig. 5: Transmittance and reflectance spectra of Sn3 Sb2 S6 thin
films at various substrate temperatures.
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thickness (150 nm) only a direct band gaps was observed
and was near the values of 1.77 eV. The decrease of Eg
may be attributed to the enhancement of grain size and
the decrease of defects in microstructure, which give rise
to defect states and thus induce a smearing out of the
absorption edge. Figure 7.B shows the behavior of the gap
energy Eg as a function of substrate temperature. It is
clear that the value of the gap energy decrease from 1.55
eV to 1.49 eV by increasing the substrate temperature 200
◦ C. These values are close to the theoretical optimum for
efficient conversion of solar radiation into electrical
power. The decrease in the values of the direct energy gap
of Sn3 Sb2 S6 thin films by increasing the substrate
temperature could be attributed to several factors. Firstly,
it may be attributed to the morphological change and the
improvement of crystallinity affected by increasing the
substrate temperature. Secondly, the stoichiometric
deviations in the films which give rise to the formation of
localized states in the band gap region.

Fig. 7: Direct Band gap of Sn3 Sb2 S6 thin films at different
thicknesses (A) and substrate temperatures (B).

3.2.3 Energy gaps
The absorption coefficient α is related to the energy gap
according to the equation [16]:

α hν = A(hν − Eg )n

(2)

Where A is a constant, h is the Planck constant and n is
equal to 1/2 for a direct gap and 2 for an indirect gap. The
band gap value Eg was determined by extrapolating the
straight line of (α hν )2 versus hν curve to the horizontal
photon energy axis. Figure 7.A shows the behavior of
(ahν )2 versus photon energy for the films. Two direct
band gaps corresponding to the energy gaps Eg1 and Eg2
were found for thickness 310 and 430 nm. The energy
gaps values are estimated to be in the range 1.75-1.70 eV
for thickness 310 nm while for the thickness 430 nm, the
energy gaps values are in the range 1.67-1.52 eV. The
values correspond to the transition between the valence
band-and the conduction band. Concerning the low

Fig. 8: Variation of refractive index n with wavelength for
Sn3 Sb2 S6 thin films at various thicknesses (A) and substrate
temperatures (B).
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3.2.4 Refractive index dispersion analyses
The values of the refractive indices (n) and extinction
coefficients (k) of the Sn3 Sb2 S6 films were calculated
approximately from the method described in [17, 18].
Figure 8 shows the refractive index, n, of the Sn3 Sb2 S6
films as a function of wavelength for different thicknesses
and substrate temperatures. The refractive index increases
by increasing the thickness and substrate temperature
confirming the increase of the opacity of the layers. So
the opacity of the films is much correlated to the
increasing of thickness and temperature. Figure 9 shows
the extinction coefficient k of the Sn3 Sb2 S6 thin films. It is
obviously that the extinction coefficients appear to
become important only in the spectral absorption region
for wavelengths less than 800 nm. In the weak absorption
region the relation between the refractive index n and the
oscillator strength below the band gap is given by
Wemple Didomenico [19].
n2 (hν ) = 1 +

Ed E0
E02 − (hν )2

thicknesses were grown by vacuum thermal evaporation
method on glass substrates (unheated and heated at 200
◦ C). Structural analysis of Sn Sb S thin films revealed
3 2 6
that the crystallinity increases by increasing the film
thicknesses and substrate temperature and only the
Sn3 Sb2 S6 phase is present. The optical study has shown
that these typical films have a good transmission. Strong
absorption coefficients are in the range 105 ∼ 106 cm−1 .
Displacement of the absorption edge to lower energies
with increasing the substrate temperature and the
thickness causing the decrease of the band gap energies to
the value 1.5 eV are observed. This value was a close to
the theoretical optimum for efficient conversion of solar
radiation into electrical power. Consequently, all the
investigations properties give the new sulfosalt material a
great importance in many technological applications such
as thermoelectric energy conversion applications and thin
film solar cells.

(3)

Where E0 is the energy of the effective dispersion
oscillator, Ed the so-called dispersion energy which
measures the average strength of the interband optical
transitions, and hν the photon energy. Figure 10 shows
the relation between (n2 − 1)−1 and the squared photon
energy (hν )2 for Sn3 Sb2 S6 films. The values of Ed , E0
and have been determined from the slope and the
intersection of the straight lines with (n2 − 1)−1 axis. The
different values of the oscillator parameters were
summarized in the table 1. It was found that there exists a
correspondence between Ed and E0 , which can be
expressed as E0 ≃ 2Eg [20]. For further analysis of the
optical data, the dielectric constant is discussed according
to the Spitzer-Fan model by [21].
N
e2
)( )λ 2
(4)
2
π c m∗
Where ε∝ is the high-frequency dielectric constant in the
absence of any contribution from free carriers, N/m∗ is
the carrier concentration to the effective mass ratio, is the
electronic charge, and c is the velocity of light. Plotting εr
versus λ 2 (Figure 11) and fitting to a straight line, the
values of N/m∗ and ε∝ were estimated. It is significant to
compare the values of ε∝ obtained from the Wemple
DiDomenico model (Figure 10) with those from the
Spitzer-Fan model (Figure 11), they show satisfactory
agreement. All the results determined from the models for
the samples are summarized in the table 1.

εr = n2 − k2 = ε∝ − (

4 Conclusions
Ingot of Sn3 Sb2 S6 material was obtained by the horizontal
Bridgman method. Sn3 Sb2 S6 thin films with various
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Fig. 9: Variation of extinction coefficient k with wavelength
for Sn3 Sb2 S6 thin films at various thicknesses and substrate
temperatures.
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Fig. 10: Plot of (n2 − 1)−1 versus squared photon energy
for Sn3 Sb2 S6 thin films at various thicknesses and substrate
temperatures.

Table 1: The estimated values of optical parameters for
Sn3 Sb2 S6 thin film
t(nm)
150
310
430

Ts ◦ C
30
30
30
200

E0 (eV)
03.03
02.99
03.25
02.98

Ed (eV)
09.90
13.83
20.65
12.05

n(0)
02.32
02.57
02.73
02.82

Eg (eV)
01.75
01.70
01.52
01.50

E0 /Eg
01.73
01.75
02.13
01.98
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